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SECTION I 

INTRODUCTION 

Picatinnv Arsenal Research and Development (R&D) Studies to provide 

improved igniter compositions as substitutes for black powder in artillery 

primers led to the development of berite strands. Benite is essentially an 

extruded form of black powder, containing the ingredients of black powder 

(potassium nitrate, charcoal and sulfur) in a matrix of nitrocellulose. The 

ratio of black pov/der ingredients to nitroce'.lu'.ose is  60:40. 

Berte car be, manufactured by a solvent extrus.on process,   'isinj: 

essentiallv the same mixing,   extrusion and drying facilities employed in the 

manufacture of double and triple base cannon propellants.    However,   there i.C 

one  maior difference.   Because of the length of the strands --   6 to 20 mches, 

depending on the application •-  use of cannon powder cutting equipment is 

ret feasible.    Handling and cutting equiptnent developed for  production of 

RkD quantities constitutes a waste of materials and labor and is not con- 

?  dered s: table for scale-up to masF production.   Ir addition,   puwassi.um 

nitrate preparation is expensive because of the recrystallization step 

beJ eved necessary to yield a less hygroscopic product, 

ir, the product area    the effect of variables such as strand diameter 

meist jre and "olatiles level    incorporation of rework,   use of technical grade 

potassum nifi-^t«! ''non-recrystallized)     and variations in potassium nitrate 

particl-;    ..^e nad not b'en determined.    Only limited data was available on the 

sensitivity and detcnability of in-process benite. 

I 



Tins  report covers the production engineering program to overcome 

'hi >(■ deficiencies  in the manufacturing process and to obtain necessary data 

tu base a  realist i: acceptance specification for benite. 



SECTION II 

SUMMARY 

Production engineering on benite was closely tied to produ-tion because 

of an urgent requirement that arose when a benite-loaded primer was found 

to be eseentidl for the successful performance of the 9ümrn T   300   ro .nd. 

rherefore,   a first phase of this program was slanted at solving immediate 

production problems with minimum modification to existing Ordnance facilities. 

A second longer rdnge objective was to evolve an optimum process for the 

manufacture of benite. 

The most urgent problem was to develop an acceptance specificat'Or 

practical for product'on use,   since it was scon found that the R&cD require- 

ments which were necessarily based on limited manufacture were onsuited 

lor pi od jet i s.-'    It Wrts necessary to relax the requirements for   (a)   moisture 

content    (b)    total volatiles and   (ci   the Ht, 50C heat test.   Satisfactory 

balLstics were used as the criteria for increasing the allowable moisture 

an'l volatile content,    and satisfactory surveillance life,   the cntt-i--..! for 

pcTmitting the reduced heat test requirement. 

Other changes to the R&D specification (PA-PD-1 741) included elimination 

of the hygroscopu:ity and functioning tests,   and the requirement for use of 

reagent grade potassium nitrate.   The resulting modified requirements are 

contained m the current specification,   MIL  B-45451,   27 January I960.    The 

use of technical grade notassium nitrate results in savings in raw material 

costs of 1'i cents per pound. 
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A product and process variables study was conducted to determine the 

effect of variables such as strand diameter,   particle size of oxidizer, 

addition of nlast'cizer,   use of rework,   use of alternate solvent and stabilizer, 

and substitutioa of pyrocellulose for military blend nitrocellulose on the 

processing and performance characteristics of benite.   This study was based 

on manufacture and testing of 15 pilot lots.   It was found that (1)   the function- 

ing characteristics of benite are relatively insensitive to minor changes in 

dimensions and formulation (2)   the use of rework has no deleterious effect 

on the performanre characteristics of benite (3)    substitution of ethyl acetate 

lor dicthyl ether in the solvent system improves processing characteristics 

(4}    direct substitution of diphenylamine for ethyl centralite improves the 

chemical stability as measured by the short term heat tests. 

The efficacy of the benite with the ethyl acetate solvents and the rework 

was confirmed in ballistic studies in the three-inch gun.   Firings using these 

< xpenmental lots were conducted at -40oF,   70oF and 1 60oF.   In addition, 

firings conducted usmg primers environmentally conditioned for four weeks 

both at 170oF and ]ZZ0F and 95% relative humidity,   gave completely 

satisfactory results in regard to velocity dispersion,  pressure uniformity, 

ignition delay and smoothness of the pressure versus time trace. 

In an effort to attain a more economical production process for benite 

strands, pilot scale studies were conducted to determine the feasibility of 

adapting the high capacity,   automated equipment used in f]'.-. food industry for 



the manufacture of spaghetti (long ^ooJs extruder and spreader).    It was 

found that particularly good flow characteristics could be achieved with 

rrailti -orifice plate extrusion (a 51  'vay die was used) using the ethyl acetate 

solvate-i ro.'lo;d and that flow unifotmity could be achieved by incrementally 

selecting and reamirg holes in thr die. breaker plate.    Also,  the ethyl acetate 

colloiiJed strands after draping on a dowe.! hung straights.- and dried without 

c racking,   warping or other deformation. 

ft !s estimated that with rmilti-orifice extrv.sion and spreading, 

substantial labo-  savings rar be effected.    At a prot! icrion rate of 50,000 

pounds per month,   it should be possible to amortize the cost of rhis automated 

equip-Tie."!  in about one to two months. 

Borh the fnctioi   pendulum and the detonation hazard   solvent wet material) 

tests  showed that benite reacts similarly  to single base (M-IO) propellant 

and tverefore may  se considered a Class 2 explosive hazard when solvent wet. 



SECTION III . ••••• 

C.ONC LUSIONS ,('Tl0jr 

A r e i , - I . : a~ cp tance s p e c i f i c a t i o n f c r benute s t r a n d s has b e e r p r e p a r e d 

h a t e d o r lata f r i - n b a l l i s t i c t e s t s ir. i r e Q0.mm T'OOESB round 

I e u - a g.*a Tf p o t a s ? ; u m r * -ate .s ' » t>s*ac to iv f o r maP ' - i ac t^ re of 

be r if I r e ee ci i- s m a t e r i a l p rov ide? a s av ings i« the m a n u f a t to r r -g cos t 

c. * abo it i ' r e - t - pf r pound 

P r o c e s s i n g .n focmat ion was develcpe. 1 f o r u s e with c o n v e r t i c ' - s O r d n a n c e 

equ ipment T r e na ;o r i m p r o v e m e n t s n.c- » >r.cc ipor - j ted m de»«. ript cn of 

M a n - f a c t re i e t ' e d ry ing t e m p e r a t u r e w a ' i n c r e a s e d to 1 M J F with 

consequen t re- l i . ' ' c r >r d ry ing t i m e ib' the d rv ing t i m e on tr e r e e i s was 

r educed f r o m ' 0 days to 12 h o u r s , and ic.; the i n c o r p o r a t i o n of r e w o r k wi th 

a : c r s e ^ j e n t n p - o emeu t in yield f r o m 45 to 90% *. 

T i e ' t i b <.'v c Y a i a :.te r i s t cs of b e m t e - a s m e a s u r e d by the s l a r o a r d 

s r c r t t e r m >• e .-.t t e s t s a r e i m p r o v e d b v the d i r e c t subst.it it: on of 

d phenyl a mine tor e thy l c e n t r a l ' t e m *he fc r . - relat ion. If s u r v e i l l a n c e T e s t s 

- o r i r-n th.-e f . ' J . r g the subs t i t u t ion will be made . 

The p r o c e s s i n g c h a r a c t e r i s t i c s , cf l e n i t f a r e i m p r o v e d bv t; e se of art 

e t rv a c e t a t e and a lcohol so lven t s y s t e m m p i a r e of the d ie thy l «.•}>* r and 

alich'31 s y s t e m 

Tr.e leasibi . l i tv of us ing a r m d t i - o r i f i c e p la te die in e x t r u s i c r of b e n t e 

s t r a n d s , and dry ing b e n i t e s t r a n d s cr a iiowel was d e m o n s t r a t e d . This 



indicates that the use of automated high capacity equipment of the type found 

in the food and plastics industries may be adapted to benite manufacture. 

Prototype studies to establish a process with tins equipment are now under- 

way at Radford Arsenal. 

b'-'nite colluid does not Hr-tonale under severe conditions of confinement 

and therefore should be considered a Class 2 explosive hazard (fire hazard) 

lor ext rut-- ion. 

The functioning characteristics of benite are relatively insensitive to 

minor changes in dimensions and formulation. 



SECTION IV 

RECOMMENDATIONS 

Nor e. 



SECTION V 

STUDV 
i 

■ 

A. SVjdies to Establish A Realist:-- Acceptance Specification For 
Benite Strands, 

"'»   i',.r. i.\  requirements for the benite sta'-Js acceptance 

sper.ificition .M'L. B-4545;) gvere necessarily bas<--j orly or. a limited amount 

cl chemical and physical test data.    Following ^ 0 sta^-t of production at 

Picatinnvi it became evident .ha*, seme of the requirements were unrealistic 

anj th.at spe-if i i atjo:.. revisions wovld b^   requi-fd for economj    i. "oduction. 

Ne.-pisa;/ revisions were effected as the  resu!' oi the ■■vo-k discussed 

he low   Table I). 

'     Total VolatTLes ^T. V   ; an! Total Moisture (T.M } 

The initial PicaLnny production lot of benite ^PA-E-ZQ l.'<9),  made 

.'siTg, the sarr.e p^o'.ess employed hv  R&D,  failed to meet specif:.':at:or. 

equirements fcr total voiatiles and total moisture,   shown in these examples. 

Spec   PAPP  1741 PA-E-29139 

"Jo max. 0, 75 
0. 50 

2   li 
0.85 V.IA.,% max 

To determine whether the specification requirements could be 

relaxed to permit ac.:ep'ance of this lot,   a se-:es o^ te.s*.s were rondu'jted in 

the 90mm gun with the T300E53 round to compare the performance of Lot 

PA-E-29139 with a lot of benite -sej by R&D in development of the ro\;..rd. 



Test results summarized in Table 2,   Series I of Appendix A,   showed 

no significant difference between the two lots in velocity,   velocity dispersion, 

maximum pressure,   and maximum pressure dispersion.   It is noted that the 

li rings wore performed at -40oF,   which represents the most severe test for 

thi   propellant ignition system.   The ballistic acceptability of the initial pro- 

duction lot was further confirmed by the results of instrumented static firings 

in the XM-79 primer {Table   i    Appendix A). 

Following this initial work,   it was desirable to further evaluate 

the effects of T. V.   and T. M.   content on benite performance,   to estal/'sh 

limits which could be met without extended drying cycles.   This would preclude 

the necessity for redrying of benite at the loading plant,   as is sometimes 

required with black powder.   To accomplish this,   a sample of benite (solvent 

wet strands) was taken from a production mix (lot PA-E-2979Ö)   and subjected 

in this treat ment: 

a       Storage for three days at room temperature. 

b      Exposure to an environment of 95% relative humidity 

and a temperature of 100   F for six hours, 

The T  V.   and T. M.   of the benite at the end of this time was 2. 96% 

and 1. 5% respectively.   Then the benite was loaded into XM79 primers,  with 

(are taken to minimize the loss of volatiles and moisture.   For comparison 

purposes,   a second set of primers was loaded with benite representing the 

first production lot manufactured by Radford Arsenal.   The T. V.   and T. M.  of 

12 



"-e R a i ' c d l o t *as 2. 04% and 0 .68% r e s p e c t i v e J v TK s was dor.e to s s r v e a 

• J O fo1 i p . pose- -1) eva lua t e the e f f e c t s of "h igh" T . V . and e v a l u a t e 

t; e p - fc . - r r in ' .° cf the f i r s t beni te m a d e a* R a l f c i A r s e n a l The t e s t s peV-

fo - 1 :r . ) b o " ins'. j m » n t e d static. p i . - i e r f i r i n g s a t 1 ^ 0 ° F . " 0 C F and 

(• f ° F and j? r> f i r i n g s with the T300E .H r c . m i at ?0 F and -40 V ' . 

The p • ' .mer f i r i n g s showed that the high T . V . m a t e r i a l func t ioned 

sa t .= fa Aor i) / . witho-.'*. a: . , ha««»fi re 5 or ex . e s s i v e ign i t ion d e l a y s at - 6.S>°F 

.Table . A p p e a l :x A, n the ' : i s e ol the R a d f c ' J lo t , the I 6 0 ° F and .'W ~ 

c 
f: ina? cave >c r a. r e s u l t s . H o w e v e r , a t r?i F , o-•» p . t i m e r gave an 

e x c e s s i v e i ^n i t i o r i a l a y - .grea ter thar, ?* nr - . I h s e - c r d s . -while two othe» p:irr«.ers 

highe tHan a v e r a g e igni t ion de . ' a / s Typ ios ! s t a t i i f i r i n g t r a c e s f o - t_*e 

• wo lo ts i - ° shown at the t . r e e c ond i t -o r ing • ^ m p e n t - - ' ; i in F i g u r e s 2- 4 

ApDer,d:> A.!. 

r v e f i r i n g s -r ' he 9 0 m m gun ( T i b l e 2, Appendix A) showed tha t the 

o 
h a h T . V benite p r o d u c e d an i n c r e a s e ir. veloc.it-.- d i s p e r s i o n at - 4 0 F but 

o t h e r w i s e p rov i Je-.i s a t i s f a c t o r y ign i t ion and func t ion- r g of ihe . c m d , can 

be so^r, f r o m typ ica l p - t t r a c e s f o r the s e r i e s Frg- . re I , Appendix A). 

The R a d f o r d lot a lso gave good ign i t ion as e v i i a ^ c s d by the p-t. t r a c e s , 

but the ie'a-y t i m e s w < r e a p p r o x i m a t e l y twice thac of the h igh T . V lo t , ( ? 2 . 2 

v e - s s ..*'.4. m i l l i s e c o n d s ) , c o n f i r m i n g the b e h a v i o r ir. the p r i m e r f i r i n g s It 

i s no ted ' h a t the a v e r a g e value obta ined by R&D for - 4 0 ° F ign i t ion l ag was 1 4 . 5 

m i l l i s e c o n d s . The h ighe r igni t ion l ag of •he R i d f o r d m a t e r i a l did not. a p p e a r to 

..a\.se any d e l e t e r i o u s e f f e c t . (Since t h e s e t e s t s w e r e run , s t u d i e s p e r f o r m e d 

A 3 



with XM79 and XM80 benite primers have shown that ignition delay and 

hangiire tendencies  car' be markedly reduced   and uniformity can be improved 

by a change to the pn-ner head design.   This change consists of putting  a 

pmall (three gre  r    black powder bcoMer rn-ir^e ir line with tne initiator 

element to provide a  stronger flame at the er.df of the strands.   Since there 

appears to be variation in the igmtibiUty of different lots of benite,   the black 

powder boc-tc-r eliminates the slow or marginal ignition which is occasionally 

encountered     A "-eparate  report   covering this work in being prepared.) 

CcnSideiing the above da'a,   it was determined that the limit for T. V. 

should be Fet at   '. «rofo UM*..     and   i   0% max.  for T. M.   These limits removed 

the  problem of long dr>  "g times,   yet provided an adequate margin of safety 

to insure satffactory item pertcrmance    It should not be necessary to redry 

this material at the loading plarfs    beca-se of the relatively low hygroscopicity 

of benite 

^       H\ g r os copi c :• ty 

The initial specification requirement cf hygroscopicity (1, 1% max. ) 

was considered a means tor assuring that any slight impurity in the raw 

materials    partit alarly the potassium nitrate,   would not increase the 

hygroscopi: t / beyond the R&D program Jfvel.   In this regard,   R&D specified 

that potassium nitrate dsed in bente be recrvstallized.   This was based on 

prior wnrk With pyrotechnic compositions in which recrystailization was used 

to reduce the sod^m content   mpunty;   which has an affinity for moisture. 

I 4 



«•••• . f i t r . - z n m a t e r a] o r t h e e q ' a * a l e r t r e a g e n t g r a d e , c c s t s 

L, 1 4 - t - r t« p(- r p o J ' Q -no r e f ' a " f -e . t e . ' . r . r . ; : a l g r a d e , t e s t s w e r e crn-

d . t i > i. ' . rr-.i. - t. t e t h e r trie a d d e d c c t w a s j u s t i f i e d . . / 

. - >v i <i t h a t r e ryf r . s . • s * i j n r e d u c e d t h e s o d i u m c o n t e n t 

C' k- p i rv"L n ' . r a t e , r c ' i 0 . 1 h% '0 19% i • t h e "tiaX a l l o w e d 

b • - , • t . irr. •« P 256', «o 0 0 . '% w.| t- a r e . s a l t a r t d e c r e a s e in h y g r c -

- c.p • • , . • 0 . : -70 tc 0. 2 4%. { T a t e • A p p e n d i x A T h e e f f e c t cf t h i s 

: f f . f h (: • 11 - h g r o s « . ' o p - c «•*« e< d by conn p a r ng b y g r o 

- • • t- ' j ; • : » ( v l o t s of t f *e i s ;e v th re . rvsva l " ' 1*ed p o t 4 . - f i . u m 

' r j t . • •' i i re J p- >c*. b a t c h e s w h V .«,« •« p r e p a r e d u s i n g t e r h r - a i g r a d e 

p< , ! •* , - n U i ' t . F - ' c m ti.« d a t a , s <n.? i r r y e a n T a b e f»i A p p e r d r x A, -t 

a " be c» i - at cf t e . c h n i c a l g r a d e p o U s s i . in n i t r a t e i n c r e a s e s t h e 

^ r <• o p 0. i 3 % . F r c n i p r ^ - ' t r a l s t a n d p o i n t t h i s d f J e r e n c e 

- - i i >. ..«• .( -*ui t o b e s i a m f u n l . F . r r , b a l l i s t i c t e s t s m a d e - . I th 

U r »e p r e p a - e ^ w: th t f . ch 'v .c a i g r a d e p o t a ' . ' i u m n t r a t e s h o w e d t h a t p e r f o r m a n c e 

•-. < r o t a u v t i s e . t «.-l< 2te.d e v e n a f t e r r c r . m e n t a l c o n d i t i o n : n g \ T a b l e 4 

A p p e r d ' x E" . E a s e c o r t h i s , t he r e j . : r e m e - * i c r u s e of r e c r v e t a i i i z e d o r 

t o ; e r t g r a i f c p o t a s s i u m n i t r a t e a n a t v r e q j - e . m e n t l o r h y g r c s " o p i c i t y w a s 

d e l e t e d t r a m ' . - e s p e . i ; c a t i o n . T.'. s r e s u l t e d in a s a v i n g of 20 c e n t s p e r 

p c j r . i T ir-e c c t of • n a c u f a e t . r ng b e r i ' . e . 

&t ab i -: t v 

S o o n s ' t e r be* t e p r o d u c t : o r . w i ' s t -c . r ted , i . w a s f o u r . d t h a t t h e 134 . 5 ° C 

.'•eat w r e q . . . r t . m e r . t cf 40 m i n u t e s ' t h e s a m e a s i s r e q u i r e d f o r s i n g l e b a s e 

15 



propelJa-t,«:    COJH ret be consistently met.,   df the actual values obtained 

rar.ged from   (5   JS -rm.utef (Table 6.   Appendix A).  A study was made to 

d( termme the stabil.'ty chara :teri3tics ci benite by other rapid methods,   as 

■A . j i 05-  the 65. 5 and 80   C surveillance tests. 

W "   regard tc the latter.   -.  sa-nple ci benite (lot PA-E-26467) 

placed :n surveillärce during the R&D program had not produced red fumes 

.jiur  '8 •no'->ii s   it y()  C.   Th)!- ^.-j-nple was   removed from surveillar.ee and 

ti sled tor ava lab^e i-töbil/zer.   The ethyl c;ntral)te content was found to be 

c omplete   .   depleted, however,   the  Tutcr  -..1 'hewed no visual evidence ol 

pi ysica) deter cratic.r'.   S^e tre norTaal ^0CC surveillance time for singl? 

bas«   propellart'3 is approxi'natelv  13 months,   the cheiucal stability of benite 

w a« considere'i equivalent or eve1? somewhat puper'or to single, base pro- 

p(   lam, 

A sample cf PA-E   2646V put into 65. 50C surveillance in March 1958 

has ret  reached ar end point at the time cf this writing. 

Data, chtd.ied with various iots  of benae 'ising other short term 

ttab lity »ests  cc- ered under the Sectioc on Product and Process Variables 

Studies 'the ]20CC heat,   90oC and 100CC vacuum stability,   and l]0oC Taliani) 

si-owed this material ^o have somewhat better stability than double base pro- 

pt Hants.   Smce benite is nfe'ther a single nor a double base propella.nl, by 

conventional definition,   it was considered that surveillance data  vould give 

the best indication of storage potential.   The 134. 50C heat test; reqiirement 

16 



^   -  t   ( n fore changed to   *5 minutes to include the low en-i of the nori-nal 

r^rg«        ptabili'v test values for this niaterial. 

4       Spr-(. )li , Gra •', tv 

The   nit'dl  spec.ifjc  gravity  requirement cf 1.7 T 0. ? was fourd to be 

trt iiF.r t   ar  ■.&' f.sf.ar/ since the val,e? cbt,a)'-fd with the tiret  12 production 

lets tf i   n the r^rge  1. 57 to 1. 68 gms/ml (Table 6,   Appen^'x A).   The 

r-q. > reraeM 'va ? changed acccriingly to 1   65 ) 0. 15 gms/m.1.. 

F n :ti.onire Test 

The <cr.ct;cr-ir.g tef-t was included   n the original specification as a 

pre^s ,t;ovirv meas-are since frere was little da'a on the lot-fc  lot functioning 

cn^ rs ^teristirs of bellte at the temperature exireme i-650F and  tl60   F). 

The   rea jirement,   which caljedfcr firing 15 primers each at    65oFand+160  F 

am ■ r\spectir.g the pi  -ner tubes tcr evidence of rupture,   was dropped after 

t: K ng '.■.' 'he f rtt 1 ? lots and noting no evidence of rupture.    This was 

suppcrted bv the iact tra' instrumented static primer firings demonstrated 

thä' the max,   prees .re de^ eloped wa^ ^^'ell belr--   the hydrostatic test 

pressure '.5, 000 pounds per square inch) of the primer body.  Also    coverage 

in this area vaf provided bv including a functicning test in the acceptance 

speciticaticr for loaded primers, 

B.    Pro'S^ t ard P; oceae Variables Study 

!.    Fifteen 15-pound batches of Lernte were prepared to study the 

eriect or perfcrmä:'..;e ard processing characteristics of these variables: 

a se cf technii al grade potassium nitrate (MIL-P156). 
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b .     Ü ^e  '■' re ■*. c rk 

c.     Use oi an d)terna<:e solvent Bystem, 

J.     Strand diameter 10% ever a^d 20% under nominal. 

;■'   ft a'terria^e statihzer. 

'        j • (     • i   • gle b-, se plasiicizer, 

g.     :_' ^ cf -.arbor blaci- instead of charcoal, 

h.      L^t; ci p" ro: elluJose ir.stead of military blend N/C. 

C  s.r.ges ir  particle size of potassium nitrate. 

]        Cha'igefe in mixing procedure. 

t'.      n genera.] '.' v procedjre   ,?ed to manufacture Vhe benite strands 

■ ia,"', ol ihefe t.c-s' batches followed     Picatmny Description of Manufacture 

'• «S   4   48 Reference 2). 

i.      Th.e   ri1-.  'an  strands  we rr  ' objeced to cViemvcal and physical 

'estP.   ana the  MaUc iu-LCtionmg characteristics e^'aluated by instrumented 

rtatic primer firing?.   Th.f re? jit.1- of these test?;   which are contained in 

rabies   1   4 o; Appendix A are discussed be. r-v : 

a.     Prccessmg Characteristics 

Since producti.cn difficulties were be.'ng experienced in 

obtaining uniform extrusion rates tihrc^gt all dies and in handling the solvent 

' ei strands without breaking,   mixes EP-.i through EP-bfTabie  1, Appendix B) 

■vi re  prepared to etuay ihe etfect ct add.ng plasficizers such as ONT and DBP 

tc the matrix,   ana in substituting pvrocellulose for gun cotton.  It was found 
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trat =  *   .ehl   Tiprcvemenl m greer1 strer.gth was obtained in mixes EP-3 and 

EP  S     However,  wUh EP-4 and EP 6 little,   ii any,   improvement was noted. 

Tne  'nest significant improvement wag obtained with EP-14,   in which ethyl 

=i:etH.>e was Subst. t^tecl for diethyl ether as the colloiding solvent,   and 

i pber.yj.am re   lirectly substituted for etnyi  rentralite as the stablizer, 

II   s  latter charge was not considered to have an effect on processability. ) 

The extr>icr.  .nifortrnty anH sreen strength of EP-14 were noticeably 

s -per  cr t.r  the other 14 batches,   probably due to the reduced in-process 

'-:i> ert loss  arid ^-rface hardening experienced with the less volatile eih/l 

=   et.« te 

b.     Physical Properties 

TeiTr'le tests were performed in accordance with specification 

C "   T ■!9]'B Methol Nc    5100,   excepi that the gige length was set at two 

nches.    Va1 ies tcr tensile strength ard elongation ranged from .^320 to 4930 

pounds per c; ^re    rcb    and 1. 9% to 5. 1% respectively,   with the highest 

vaioe fc r tensile strength being obtained tor Lot EP-14.   In general,   the 

addition of plastiozers and other formulation changes had a very slight effect 

cr the pny. caJ strer.gth of the strand.   However,   in the case of Lot EP-2 - - 

vvh.ich  was prepared using coarse potassium nitrate ■ - a significant reduction 

in The tensile strength was obtained.   This indicated that control of potassium 

-   tr^ie partitxe size was an importam factor in obtaining gooo physical 

prcperfer.   Ir this connection,   the benite specification required that the 

19 



potassium nitrate be- eround tc an average particle diameter of 10 to 30 

m  c rop;- 

Ci e ■")    al Prope rt) e? 

n (   -lib i'tv of benite was thoroughly im esligated in con- 

tiectK n * ifb 1.1 i   a'    i ptai   e &pec  hcation studies (Section V,   Part A). 

Usir-g these  re.« Uta as the standard    (.omparison data were obtained for 

the experme ntal ^ots EP- ', (5, : 4 0 '^ii  16     'E.P- 1 6 wa« a repl. cate of EP- 

1 i       The   re?    Its i Cable i.   Append)« B   show that tha ethyl acetate colloided 

benite  •      osirg   I p' cv ^larrure instead cf ethvl centrante as the s'abilizer 

EP   1 *'        ha       -nj ■..   ej stability as measured by the 90'>C vacuum 

c 0 

S'abjlty,   '■   0   C Ta) an. and  120   C Heat Tests.   Other data sho^vs 

diphenylarmr«   stabilizer 'o bo superior to ethyl centralite with the 134. 5   C 

i eut tests (Tahli   i,   Appendix B)     Five out of six lots containing DPA 

gave palmer pinl<  -'eaces of 50 + mirutes ('one lot,   EP  10,   where carbon 

bla^K  was  s jb^-t »üte 1 lur charcoal as ar^ther change,   gave 45 minutes to 

salaion pinl« u' .1 exploded in less traf 300 minutes),   while sever out of 

eight lots cor.ta'-t E . stabilizer gave i/aluef  of less than 50 minutes. 

c o 
Both  65, 5  C and 80  C   surveillance tests for the expen 

mental lots involving composition variatior.s were still underway at the 

11 me cf thi 9  repc rt 

il     Sene i vity Characteristics 

Picätinny Drop Test sens'tivitv values ranged from seven 

to 10 inches for standard formulation benite,   and from eight to 11 inches 
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with the 'nodifled formulations.   The 11 inch values were obtained with the 

plasticized and the pyrocellulose substituted formulations.   Again,   the 

variables selected v/ere shown tobe relatively insensitive to the standard 

tests.    The friction pendulum test was run on the standard formulation benite 

only,   In each instance snaps,   but no sparks,   burning,   or detonation with the 

steel shoe was repotted.    This test is described in Picatinny Arsenal Testing 

Manual 7-1. 

4       Benite from the experimental lots EP-1 thru EP-15 was 

static-tested m primers to determine the changes produced by the effect of 

formulatior:,   strand diameter,   etc.,   on the ballistics.   The firings were 

randomized and included seventeen groups,   six primers per group,   three 

primers each,   conditioned at -65  F  and 70   F respectively,   Lot EP-11B, 

made in accordance with the specification,   was the standard,   with Lot 

EP-llA and EP  11C,   containing strands 20% undersize and oversize in 

diameter respectively,   making up the additional groups.   The data from 

these t ring? tabulated in Table 4,   Appendix B,   indicate: 

a. The modified formulation EP-14 with DPA used instead 

of E. C.   as the stabilizer,   and ethyl acetate used in place c£ diethyl ether 

gave the most desirable primer functioning characteristics -- (1)    low 

ignition delay with high maximum pressures (2)   higher maximum pressures 

at. 70OF than at  •650F. 

b. Use ol rework has no deleterious effect on primer 

functioning. 
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IJ?e cf coar&c.   GO   SO mesh,   pototsriuiu nurdle gi>'t& 

IO"^  'grutior ..If'av!-   <ärd low .'naxim^m pres-sures, 

d       U?e of carbon black instead of charcoal gives long 

i^mtior delavf  -jpri lev maximam pres-'wares. 

c      A Id i'or) at ^iigie bä^e plas»ici zer dibutylphthalate and 

'li, trotoluere gi^ep long ignition delaya and low maximum press j.res. 

FciiOwrng this prelim_nary screenmg^a second group of 

M-?8B? pnmerf  ve re leaded with [a' the modified b elite EP-14{b;  the 

r. -erk benite  F.P   ) .'      '  the RkD sta-.ia rd benite PAE-282i)3.   This second 

.}.>   < iF assembled into three- inch tesl  rounds for evaluation in gun 

t  rings.    Tf   •   waf-- ^ore to prcve ojt the ballistic acceptability of the two 

■•-.c-.'■} ;.a' cr.s oi grea'esr potential vaivre.   T^e firings in the three  inch gun 

\>.ert   co   FiJen it:  pre   . je a severe les-' ot t)-e performance chi racteristics 

i the b--7- u  for the  fclowing readers- 

•j.      If   cartridge ca^-e was ar.c rimped.   providing a minimal 

■   .'ict  pull  '/al.e. 

t.     M   1 ' prcpejlart.   lor which Jow temperature ;gnit?on 

e- s e rife 111' ■ e,    * a s   . ^ •=. 1. 

A badly »vorn gur tube with a history of more than 2, 000 

pi e vi cus i  .-; r £.'  •i' a '   a s e d. 

6       The series included iirirg -jf temperature conditioned rounds 

at    ':'r,' F     +70  F and ■TibO'V.   This was .'.ater supplemented with ■'0oF firings 
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of rounds containing environmentally conditioned primers.    The latter were 

conditioned by being subjected for 28 days to a temperature of +170  F,  or 

a humidity of +12Z0F and 90% R.H, 

7.    The  results of this ballistic test are in Table 4,  Appendix B. 

The  summary follows; 

a. AH of the experimental benite primers performed 

satisfactorily following temperature or environmental conditioning.    All 

velocity dispersions were less than 100 feet per second; ignition delays 

were less than 4U milliseconds and shape of the pvcsoure versus time 

traces showed smooth rise curves (Figure 2,   Appendix B). 

b. In general,   the values for ignition delay were shortest 

for the R&D benite and longest for the ethyl acetate - DPA benite,  EP-14. 

c. In general,  the velocity dispersions were lowest for 

the R&D benite primed rounds and of approximately the same magnitude 

for the two experimental benite primed rounds, 

d. Performance of all three lots with respect to avsrage 

o 
velocity and dispersion were comparable at -40  F,  the most critical 

condition. 

Based on the above,  it was concluded that (1) use of rework and 

(2) use of ethyl acetate,  instead of diethyl ether as the colloiding solvent 

in the manufacture of benite,   caused no  significant changes  in the  func- 

tioning characteristics an^ was an acceptable practice for production. 
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! ,    r   . , t. J 

i r - 11 r r 

v.     Deveicp-nfl oi an Imp roved Pre   ees (or Mass Production of 
B e "Tt i   St r a - • 1' 

Aithcug1  bellte 'Mrdr.is are man.iactured by essentially the 

.■r>a  t, , ' r   :   . c   ;'    •■ .it    in^r, canr.cr propellar.ts,   iabor coats are cor- 

h r   i t   ■    .    f ■- '?•  re^i^as frc.-n the fact that the tir.e di.a netei benite 

•■ii i" :-   •'i.''.  rf:.-Ti'     !-<rd  gM or dry  -g Ä'-i  t'if-.r. be  <. jt  into I.-sheJ lengths 

f-v i      11   •    . i ^     i   pend > t; op the pr'.mer       With   j*e oi coriveritional ex- 

'    .'     "   i i •- aJ'i !_• •>■ cii r distrxb'Jtorf.   the strands are coiled ir tuts as 

i•- e y it■}'■( •' -  p ■ • ^ ■ ^ r ; q J>   k,1 \ ae'-e]   p rigidity owir.g 1c 8clver"i 

t   ^p1' r  ' T'   '   ■< -     'i-  t.ftat each c* the !:rg green str-ai.'ds Le hung or 

■•   ti:.'   ent. soi'-ern f->„p'. ;ates to stiffen it (about or..e 

'    f  c it  into rough lengths lor final drying,   After drving, 

'  i •   i    '. tc rcQj'.re"! ler.gth.   Since existing high speed rannon 

pewder     ."' r «i , ,. v    | s/t.^hie for eitJLer "he greer. or. fin-äj. cutting operations, 

npro    «e-l ; ,••      t  r j.   p»tieo( and a6 sc-:. ate J haridJ'.ng operatiens  result in 

1     gI     lot       f    ■       ' < f . 

S •   e v"'  , f •■ t ■ ,r  a:- J   ii-imeter of berate strands arc very similar to 

tree  :.; sp^ehe'i     i x:tcv,jc\ 'Ttanjfi:turf J =t ?  >ervlo«' cost},   a visit was 

■la :<     - a fpeg!"«»'    plan', to witness rße pr':   es^jng techrnqjes and equip 

nent   ^f.J.     i  iwa?  '<.   r I thar rht operaticr«  of essttusion an'i preliminary 

. att^ng arc  pertt -me i ■:•   a cor.tlruc ^g tas:» using a  machine rai ed "i. long 

gonii!-  pprealer".   Tv.e mix dough   >»>'•..;t is prepared continuously] is fed by 

a sere«' feeder    ntc ' e, manifold cf the 1 ing goods spreader to which is 

'" e ■-1 r _ 
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bolted a  simple;   rectangular plate die containing approximately 2, Ü0Ü 

orifices.    Strands are continuously extruded through each of the orifices. 

'Extrusion prers'^res ate approximately 2, 000 pounds per square inch 

and are  controlled by varying screv/ speed ard feed rate. ) Severing strands 

from the front and back bank of orifices (a twc-stick   machine) on the die 

block is cent tolled by a timing device which intermittently actuates first 

the front anj then the back strand knife.   Each time a rod is simultaneously 

piaced in position lo catch the accumulated strands for a preset extrusion 

per cd.    Each rod,   which is 54 inches long,   hoiuo 1,000 strands (Figure 2, 

Append x C\   The timer is set so that all strands on the rod will be full 

length or Icrger before trimming through the action of a continuously 

reciprocating sickle bar cutter.   The trimmed strand ends from the faster 

ranrlng dte'   ire. rirepped to a conveyer and returned for remixing by a 

blo'-vei  in the left tcreground (Figure 2,   Appendix C). 

A typical two-8tick production machine has a cycle time of 50 seconds, 

with each cycle vieldirg 2,000 strands,   about 40 inches long.   This is 

equivalent to 900   1, 000 pounds of product per hour. 

The ro-ls are manually loaded onto a trar.sfer buggy(about 100 rods 

per buggy),   and wheeled into an oven for drying.   After drying,   the transfer 

baggy is wheeled to a final cutter.   The rods,   containing 1, 000 strands each, 

are fed ere at a time to the cutter which first removes the rod,  next cuts 

the turns and then by means of three rotary split disc cutters mounted on a 

single shaft    cuts the strands to the required length while conveying them to 
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! I i    ii.i -k   f    t   ■■ l -'   i 

Sir« i   " r    ,-r c    the  above tspe of equip-nent (with necessary safety 

i MM iati'      ' •■   propeilant operations' ccald provide very  substantial labor 

^gs    <■   ■  :-    ta   ture oi  bemte,   apljt sr^le in\r-Ptigati.on was under- 

take'   i    d(nerrn    '    »   ether th«   pr^cefsing characteristics oi benite lends 

tseii 'o I'   i- ( _ lip ai pi      Fbre«   hit tors wert  Lonfrldered critical in demon- 

s-t rji   iL  u ,,c  | ,| | .. 

t. 1 er M   . olloid mj^t be capable of satisfactory ex- 

•'■-(•   t' ■    .j-   ,   ■-    i»    orilice plate type die. 

b       W '. '    . ■   i (.'I oi e r a roc',   tt-t green strands mu^t act curl 

S     i ■" extrusion of benite colloid must not involve an 

odue ^-jie t\     - /-i r ■! 

Iri   res aits     :  the studies performed in ed.ch of these areas is 

discussed   v 're foilowirg  sections: 

2      vi    t.  Or i •• e  Plate Die Extrusion St.dies 

The   n . t   -crifire extrusion studies were performed or. a four- 

incl  vert cal L,og=t   press     Fculo^mg discussions with spaghetti equipment 

. nd piate die ma» ..iactt,rers,   a 51  orifice plate die assembly and adapter 

lor the   Logan press  was designed and fabricated (Figure 3,   Appendix C). 

The   major features of this design arc: 

a       \J?F oi n b reaker Dlatc located directly above the plate 

die   containing three rows of tapered holes,   17 holes per row,   to correspond 



with the hoifi pattern   >■. ihe plate die", to break up and spread the flow from 

the distiib-Jtcr mari'.fold. 

b       Pljcement ot the hcle pattern in the plate die so that 

the strands,   aftei   c M ng irotn the press,   car be picked up and draped 

over a do^f.l   wjlhcu» ■. verlapping. 

To evaluate the tic*  unifor/nity from the die,   the length of the 

Mrar -)a from e-i ;>   -.f the three  revs of holes - - designated A and C for the 

outer rows,   end E lor the center row ■• ■ was measured for each run and a 

percent yield  Laicuia'ed iFig'jre 4    Appen.dix C).   This formula v & •- used: 

m           C'/.niulat.i'e Le.:-..^t.V:. of 1''Strands, inches       „ •,  .,, 
-  i.eld  per   Row, %   ■ i. X  lO.J 

1 7 x D- star   e from D:e exit to floor, inches 

Tc  pre • o.e a common bas^s for comparison,   the run was stopped 

after three strand!?  reached the floor.   Ar.    lea; o/erail yield ot .'00% would 

cicc ir if e*.-'  rj tK^ Si  strands reached the floor simultaneously.   Figure 5 

Appendix C shov/s  this  100% yield or perfect extrusion. 

't car be sees frorn the data that the overall yields m the initial 

runs,   Modification !     'Table 1,   Appendix C'  raJiged from ^9 to 55%.   with 

the lowest per  rov yields coming from the center row.   Row B (Figure 6. 

Appendix C  ',, ßxtrusion pressure alsc was seen to be a factor,   since 

lowering the pressure from 750 pourdF per square inch gauge in Extrusion 

i to 650 pounds per square inch gauge in Extrusion .5 caused the overall 

yield to drop from 54 to ■?9%, 
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To   mptc   >- the yield from the center row,   each of the 17 holes in 

Rou   B oi t'c breaker plate was opened from . 185 inch to . 205 inch 

Modified'   ■     '      Th<s was tomd to produce an. increase in the center row 

veM.   and pi        led overall yields in Extrusions 10-13 of 54-61%.   The 

> idc  variatio'   \:i' -e.en succeeding  runs is attributed to non-reproducible 

through  pot frcm the individual die« due to intermittent pressure surges 

>«■ it)   the  ra-n prees. 

Ben-te co'Ar d prepared with an ethyl acetate solvent system was 

used m a1; the extrasions except Extrusion 14,   where the standard uieth,.' 

ether alcohol coVio j  .vas us^c-d.   Tbi* extrusion,  which was performed "'ith 

d-e  IVlod:licdt;.cn •?,   gave a yield of only 46%.    This confirmed the results of 

M (irk with ccnventional extrusions  reported in Section B of the Study which 

showed '.la* t »■ (;   ise oi ethyl acetate in place of diethyl ether provided a 

markej .mpr.   e 'K-.-I  in the processing characteristics of the colloid. 

Since pan o* the problem in achieving high yields was believed to 

bf   'n the distiib-tior section,   the threat openings into the manifold were 

increased -r a a neter by 50% (Modification 3),   As seen from the data on 

extriSions   i5   18    this  resulted in an increase in overall yield of from 71 

to ^0%   ana pr-:    aed essentially equal yields with all three rows.  Further 

modifications   '4 ar.d 5'  to the breaker plate hole pattern were ineffective 

}n increasing  ,'f id, on the contrary,   redactions in yield for the last 

extrusions were roted 
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Therefore,  it  was ^onclu.i-?^ that the multi-orifice plate die 

eKt   '.s-o'. o< V)e-'ite   vis terhr.ir.ally feasible,   and tl at by optimizing die 

design  inj ext-usior   ronditions,  overall   >:e]ds of 80% or higher could be 

ä >:'-v»"J 'with  -i 1c--f;  ^oods  sxl   "3e    ind äp^eäder.    Tvese viPlds are con- 

t.rgen1 on S'   >■ v P (ti-'jsior   ■..•')   i-e  jomparabl»5 tc ,V
.OSP achieved in the 

mar ifa:f;re c.f spaghetti. 

Rci Dr/^-g St;dieg 

T:i=.  si.. ;:"S 5' ."'   .se of along goods sp'-eader requires that 

,lc. ene!   s'.riris be   iiape i ov= ■   ^ small Jiamet.er   rod and then Hried 

with.o1 ■ deformir.jj        * ♦' i.'/'r/   -eq.i.-.-s ths.t the st:..,...is '•■.ave sufficient green 

s'rer.gU   'o be drate ; ov? :   .'...3    oi  //iti.Oit crajk-lng and bre.akirg at the bend. 

Fror.-, s i  h oi     ■ mixes r.a ie imder the Process and Pro- 

J^ct Variables St   - f d; s     ssed   - S-   t:on3,   fhis was  done; 

si.     rhe -at   s'j- frorri ';'e extr sion were collected in 

t  bs  ifte.! whir1   t'.^.    »/e-e immsaiately   :."ut into rougt. 40-inch lengths and 

drapc.d ov";   '/g  .1   '.   .'oo.i^i. dowel« 

v>     The ext'-'-s: o-r.  vx? intermittently performed so iliat 

as each  strand   rea.-V.ed r^.e Moo'    t.l.e prress was stopped and the strands 

■vere cut from the press,   ard drape i ove - a '. fB inch wooden dowel, 

'. \   .an be setr-: f.-om the photographs (Figurea 7-lll that the 

strands which   were : c;Ied into !he  .i;bs   designated bv x) had after only a 

few minutes take.:   o^ sufficient set so tt ;' they   were curled and deformed 

„t:    .   ^ l   .. r -r 

T »■■<.. 
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„ner drying    The  strands winch were cut from the press (designated by S) 

vithoüt having been coiled (Figures 8-14) dried into straight lengths. 

'   regard to the strength oi the strands,   this varied from 

mix to TI s.    it can be seen in Figure 7,   14 and 15 of Appendix C,   that the 

nrx FP- 1+.   prepared using ethyi acetate in place of diethyl ether in the 

soh en'  svsteni,   showed no evidence of cracking at the bend and exhibited 

phvfical character sties which would be satisfactory for rod drying.   As 

seen Iron the data in Tablo 2,   Appendix C ethyl acetate compares 

lavorablv w)th the common solvents used in propellant manufacture Ironi 

tm   standf.'"im of igmtability,   toxicity and explosive limits. 

4     ..mprovements with Batch Type Process 

The exsting Picatinny batch type manufacturing process 

(Flowsheet    Figace   16.   Appendix C; was scaled up for high capacity 

prediction at. nominaj manufacturing cost with "proveout"  and incorporation 

of these improvements: 

=       The drying lime was reduced from 10 to 6. 5 days by 

o o 
increasing the drying temperature from 104 F to 131   F. 

b. The capacity of the facility was increased 13 fold by 

reducing the time on the strand drying reels to 12 hours. 

c. Safety and economy was improved in the catting 

operation by urihzj.ng a Diamond Paper Cutter (formerly used for wafering 

solventless double base propellant) via design and installation of indexing 
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blocks a^d scatter guards.   The change permitted going from a shielded 

paper c jtter operation working with 1 /10 pound quantities to a remote 

ope ration working with two pound quantities. 

d      The incorporation c£ rework improved the raw materials 

utilization frcrr  45 tc   90% f, 

5.    Detonjticn Ha^ard& Studies 

To a? ^es-s- the detonability of benite colloid,   a series of pipe 

detonation *eple were performed usir'g a test set-up which has been 

developed jt Picatinn-y for this purpose.   Colloid in crumb form aö i.aken 

from the mixer    as well a& consolidated blocks    was subjected to tests. 

Wet sini v^afi used as inert simulant and MIO colloid as a control. 

It ;:an be seen from the drawing,   (Figure 18,   Appendix C) 

ana the photograph     .Figure 19,   Apperdix C) that the test material is 

initiated kv a relatively heavy charge (J-2 Engineer Blasting Cap and . 47 

pounds of Tetrvl) under conditions of severe confinement.   The major 

enter on in assessing the results is the amount of indentation produced in 

the one-inch mid steel witness plate located approximately three charge 

diameters from the initiating explosive.   Other data collected is the weight 

f unconsumed material,   and the number and size of the pipe fragments. 

Tests results are summarized in Table 7 and photograph 

Figures 20-26 (Appendix C).   The photographs and data indicate that 

consolidate.! blocks of both benite and M-10 colloid behaved similarly,  being 
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*   l.-.iN 'U.   ■ o   s,' i.d and producing no evidence ot detonation.   However, 

II (    loose . obs   'i re < ompleteiy  consumed for both MIO and benite.    In 

tin   ■ ciM   oi  Lei   'i ' ^.^ mi ii indentation is viewed to be evidence of a low 

ord» r detonat ..en,   and duplicates almost exactly the value obtained for M6 

collojci    n   i tesl  et ries previously   reported iRefe rence 3).   For compa ri.son 

puipcset i   LJ  it.on of data from this  test and previous test series with 

vünoufi propi Llar.lf is given beJow 

Explosive 
Witness Plate Hrzard 

Prnpeilanl indentation, in Classification 

MlhiUouble   Base So    entle&s) Complete s hatt en •ng 9 
Ml 5 coilo d 0. 532 9 
Mo    colloid 0. 117 2 
Vll0 coiio'.d 0 2 
CBS ■ 1 28K    lov  er.«   gv 

a TUT cri'- rn n t rate- 
cc.-np: t ite) 0. 123 2(Rec;omr 

B e m r e 0. 125 

Base 1 or  r ie above comparison    benite colloid appears no more 

seiisit iv e to de. tenet: on than smgJc base or low cneigy con ;. o^ite p rope Hants 

and , an be    c si irre;; as a   Class   2     material during extrusion. 

6      Ecor.O'i c   Analysis ot Proposed Production Engineered Process 

A   mJ    :osi analysis was made for the manufacture of benite 

strands at the   r-itc  ci bO  000 poands per month by (1)  scale up of the 

current R&D process    and i2;   a proposed productiou engineered process 

based on spaghe't'   ivpe processing techniques  involving continuous extrusion 

thru .i plate c.c-   long goods spreader combination,   and final cutting by means 



of ri  rotary split disc cutter.   Flowsheets for the HkU and Production 

Engineered Processes are in Figure  16 and 17 respectively (Appendix C). 

A  breakdown of manufacturing costs for the two processes,   as 

well as a tost estimate for the proposed spaghetti tvpe equipment are con- 

tained in Tables 3-6,   Appendix C.   The analysi.e is summarized below: 

Prod.   Engr'd 
R&D Process Process  

Mat'l costs/100 lbs, $ 70. 84 $ 64.00 
M  hrs/lOO lbs, 21, 28 7. 84 
Total mill cost/.100 lbs. 2 2 7. "^ 121.82 

Amortization Period 1   1  months 

it can be seen from these  results that a savings in manafacturing 

c< sts of $106 per 100 pounds is projected by using the proposed production 

engineering process  -- which at. a  rate of 50, 000 pounds per month would 

permit a payout period lor the prototype equipment of 1. 1 months. 
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TABLE  1 

REVISIONS EFFECTED TO BENITE SPECIFICATION REQUIREMENTS 

PA-PD-1741 MIL-P-45451 
FEST (9 April 1959) (27 Jan 1960) 

Total Moisture 0.5% 1.0% 

fotal Volatiles 0.75% 2.25% 

Specific Gravity 1.7 + 0.2 1.65 +.15 

H,-groscopicity '9% Max. Eliminated 

Functioning Fire 13 ea.   at E'inriinated 
-650F and i-l60oF 

Po'assium Nitrate Recrystallize or Commercial 
lllgredlen,. Reagent Grade . Grade 

' ?4.S0C Heat Test Not Less Than Not Less Than 
i Time for Methyl 40 Min. 35 Min. 
Violet Test Paper 
To Change to Salmon 
Pink) 

Straightness Thru0.420"D Thru0.413"D 
i.^CO r 20 Gra^n Ring Gage Ring Gage 
Bundle) 
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TADLE 3' 

RESULTS OF STATIC FIKINGS IN THE XM - 79E1 PRIMERS 

Benlte     Condition- 
Lut No.     mn Temp. 

F 

'<       'i     Max. Press.   Ignition Delay, ras.        Burning 
TV     TM        PSIG        1st Flash    Last Flash     Delay Remarks 

Hole Hole ms. 

SR-31D              70 1.86 0.55 5024 1.0 1.9 .9 1st Radford 
.. 

■' 4429 .7 1.7 1.0 Prod. Lot 
" " " 5233 .5 1.0 .5 " 
.. » 4270 1.0 l.V .7 »/ 

" " 4898 2.3 2.2 -- " 
.. " ■■ 7850 2.0 2.1 .1 " 

Average 5284 1.25 1.77 .52 " 

PAE2979G         70 2.96 1.5 4643 1.2 1.2 0 High 
., " " 6707 1.3 1.4 .1 Moisture 
■■ •' " 5854 .8 1.7 .9 Volatiles 
" 7913 22.2« 22.4* .2 Lot 
"                     •» " 7262 1.2 1.3 .1 " 
„ " 4773 .9 1.2 .3 " 

Average 6192 1.08 1.30 .28 " 

SR-31B             160 1.86 0.55 3642 .6 1.2 .6 1st Radford 
'» " " 4647 .5 1.2 .7 Prod. Lot 

n                                      it 4773 .6 1.7 .9 " 
>l                                                 H " » 4152 .9 1.5 .6 « 

■' 4002 1.0 1.6 .6 'i 

Average 4283 .7 1.44 .74 ii 

PAE29796         160 2.96 1.5 5349 .6 1.3 .7 High TV & 
" 6773 .8 1.3 .5 TMLot 
•I                    " " " 7174 .2 1.0 .8 " 
a                    .< " 5950 .8 1.3 .5 " 
., " ■' 6072 .9 1.1 .2 " 

Average 6264 .66 1.2 .54 " 

•V4 



TABLE 3 

(CONTINUED) 

Beulte    Condition-    'l        'i      Max. Press.   Ignition Delay, ms. Burning 
Lot No.     ing Temp.    TV    TM PSIG        1st Flash    Last Flash       Delay 

° F Hole Hole ms. 
Remarks 

SR-31B              -65 1.86 0.55 No Trace Excessive Delay 1st Radford 

" " " 4180 .7 1.7 1.0 Prod. Lot 
" " " 4037 .7 2.5 1.8 " 

" » " 4984 11.6 12.5 .7 " 
ir                                           'i " " 4242 5.4 e.2 .8 " 
„ - " 4270 3.4 24.4 1.0 " 

Average 4342 8.4 9.42 1.02 " 

PAE29796         -65' 2.96 1.5 4524 4.9 5.4 .5 High TV & 
" " " 5864 .5 1.4 .9 TMLot 

H                                                  »I " " 9043 1.8 1.9 .1 » 

" " » 7049 2.7 2.6 ... " 
n                                  ti " " 6012 1.3 x.3 0 " 

" " " 7375 2.0 2.1 .1 " 

Average 6645 2.2 2.45 .25 " 

PAE28203         -65 1.59 0,43 6235 .7 ^.1 .4 R&D üi' d. 
" »< " 7471 .5 1.2 .7 " 

" " 7262 1.5 2.0 .5 " 

" " " 5054 .6 1.2 .6 " 

Average 6505 .78 1.4 .55 " 

PAE29139         -65 2.11 0.85 7073 .6 1 4 .8 1st Prod. 
" " " 6688 .8 1.3 .5 Lot P.A. 
W                                                 II " " 6000 .5 1.2 .7 " 

Average 6587 .6 1.3 .7 " 

PAE29139        70J 

PAE28203 70J 

2.11   0.85        4702 

1.59   0.43        6337 

1.2 

1.0 R&D St' d. 
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TABLE 4 

1 ABULATION OF MOISTURE ABSORPTION CHARACTERISTICS AND 
COST FOR POTASSIUM NITRATE FROM SEVERAL SOURCES 

MIL  P- 156 
Class ) or 2 Reagent Grade 
(Technical (J.T.Baker 

Source or Type Grade) Rec rystallized      Company)»:' 

Percpnt Hygroscopic ity 0. 73 0.24 

No    ul   I,eis- A> e raged 5 4 

Z     Sodum Contert (Max. ) 0.19%** 0.02% 

Sodi jm Content I Analyzed) 0. 16% 0. 02% 

i     Cost per pound $. 10 $. 50+ $■ 53 

v, ,1,  - 

J. T    Baker s  Reagent Grade was used by Radford Arsenal as an 
alternate ior rec rystalli zation. 

This value is obta"ned from MIL-P-156 in which the nercent as 
socuuin oxide i' specified as 0. 25% 
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fad ■ ■ 

50 A n 
o40 

o 
5 30 

1 
1 

£20 i 

0 

0 -H 
6        8       10      12       14       16       18       20 

MILLISECONDS 

High TV Benite,  PAE 29796 

60 

50 

o40 

o 

h° 
10 

0 

 1 1 , [■ — 

8        10        12        14 
MILLISECONDS 

16       18       20 

Standard 1st. Radford Lot, RAD SR-31B Charged Primer 

Figure  1.  Typical Pressure Vs. Time Traces From 90mm. Gun 
Firing At -40oF.  With The T-300E 53 Round (Series 2). 

Note;     1.   The calibration factor for determining time (milliseconds) from the 
above trace J in 2.5 times the value shown. 

2.  The discontinuity of the P Vs. T trace location,  the point at which the 
projectile leaves the muzzle of the gun. 

A-9 



(il)   5<J9a7   XM-79E1 
H- i5 Cal.   51)0(1 

P-53 Cal. 9420   P/S4166 
P-55 Cal.   5000    8/ 51, 5(» 
Lot PAE 29796    Temp 

PRIMER (32)   52928 XM-79E1    PH1MEK 
P-55 Cal. 5000 

166 P-53 Cul. 9420   P/S4166 
5<» P-55 Cal. 5000   8/31,59 

, 70oF PAE 29796    Temp -65UF 

' a      1 

< 

Figure 2.    Typical Static Firings Pressure Vs.   Time Trace For -650F. 
Conditioaed High Moisture Benite Primer 

A-1Ü 



(1)   52897   XM-79E1    PRIMER 
P-35 Cal.  = 5K Ch  1 
P-53 Cal.   9420 Ch 2   P/S4166 
P-55 Cal.  = 5K Ch  3   8/31/59 
+70 Lot Zc)796 

(2)   52898   XM-79E1    PRIMER 
Ch 1   P-35 Cal.    =  5K 
Ch 2   P-53 Cal.    9420   P/S4166 
Ch 3   P-55 Cal.    5K   8/31/59 
+160    Lot 29796 

1 

• \ 

/ 

s 
1    ll 

Figuri'  3.      Typical Static Firings Pressure Vs.   Time Trace For 70"F 
And  il6ü0F Conditioned High Moisture Benitc Primer 
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(17)   52913   XM-79E1   PRIMER 
P-35 Cal. 5K   P, 8 4166 
P-5i Cal.    9420 
P-55 Cal.    5K      8/31/ 59 
+ 160     SRB-31 

(18)    52914   XM-79E1    PRIMER 
P-35 Cal.    =   5K 
P-53 Cal.    =   942U   P/S4166 
P-55 Cal.    --   5K      8/31/59 

65     SRB-31 

II 

(     ! 

Figure 4.    Typical Static Primer Pressure Vs.   Time Trace For Standard 
Benite,  Loi SR-31B,  Conditioned At +l60oF.  & -650F. 
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Benlte 
Lot 
No. 

TABLE 2 

COMPAUISON OF STABILITY TEST RESULTS FOR VARIOUS BENITE LOTS 

Hoat Test (min.) 
Vacuum 

Stability (40hrs.) 
in ml. of yas 

UO'CTaliani Test Surveillance 
Time 

to lOOrnm. 
Slope 

i 100mm. 
Slope 

§ 100 min. 134.5 c!   120 C 90" C      100 C 
1 

80° C 65° C   1 

I   Standard Formulation Benite 

PAE 
151 2G467 20 

2820:) 45 140 

29171 35 145 

29406 3b 115 

29534 35 135 

RADSR- ilB3 40 135 
4 

EP-7 35 145 

EP-95 60 300 

I   Modified Benite using DPA in 

EP-14 50 245 

EP-16B 55 300 

1.60 

1.87 

11.0' Ne«. Neg. Neg. 

3.49 " - o.cr 

4.91 164 5.53 0.55 

4.54 160 0.52 0.60 

6.59 Neg. Neg. 0.10 

160mo+ 

1.74 2.73 

1.06 Neg. Neg. Neg. 

NOTE: 
1. The value.« shown were obtained from testing the material removed from th«" 80° Surveillance 

oven.  Wit/: the 134.5'C test, explosion resulted In le.j 'Han 300 minutes of continued exposure. 
The sample was found to be depleted of Ethyl Centralize Stabilizer. 

2. The high vacuum stability value was checked.  The indicated impaired stability was not con- 
firmed by a low stabilizer analysis value (the material analyzed 0.51% Ethyl Centralite). 

3. A rerun on vacuum stability gave a value of 5.76 ml.  The analysis for Stabilizer gave a value 
of 0.42'; EX. 

4. Analysis for Stabilizer 0.46% E.G. 

5. Analysis for Stabilizer 0.21% E.G. 

6. In addition to surveillance tests on this non-standard benite, surveillance testing is underway 
on non-standard benite involving lots;   EP-3, 4, 5, 8, 10, 12. 
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Figure  1.  Benite Strands On The Picatinny 
Benile Tension Drying Rack 
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TABLE 2 

COMPARISON OF TOXIC AND EXPLOSIVE 
PROPERTIES OF SEVERAL SOLVENTS 

1,      MAC     Maximum allowable concentration in air for an eight-hour period. 

Ethyl Acetate -     400 ppm 
Diethyl Ether -    400 ppm 
Acetone -1, 000 ppm 
Ethyl Alcohol -I, 000 ppm 

i Flash Point   ■  Temperature at which vapors from an open or closed cup 
ol  solvent will ignite. 

Closed Cup Cpeu Cup 

Diethyl Ether -20OF 
Acetone 0oF 150F 
Ethyl Acetate 240F 30oF 
Ethyl Alcohol 550F   

III.       Explosive Limits (Percent Volume in Air) 

Lower Upper 

Diethyl Ether 1. 7 percent 48. 0 percent 
Acetone 2. 15 percent 13.0 percent 
Ethyl Acetate 2. 18 percent 11.5 percent 
Ethyl Alcohol 3, 28 percent 19.0 percent 

IV.     Reference 

I (above): Nl Sax Dangerous Properties of Industrial Materials 

il   & III (above)   Lange.   Handbook of Chemistry 
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TABLE 4 

LABOR REQUIREMENT COMPARISON IN MANHOURS FOR R&D AND 
PRODUCTION ENGINEERED PROCESS FOR 50,000 LBS. OF BENITE 
STRANDS PER MONTH,   Z0 DAY..   TWO SHIFT PER DAY OPERATION 

Man Hours Per Shift 
R&D Prod. Engr'd 

Operation Process Process 

1        Ingredient Preparation 16 16 
a       Grind potass     nitrate,   600 lbs. 
b. Dehy & break Nitrocellulose, 500 lbs. 
c. Weigh out mat'ls for 250 lb.   mixes 

2. Mix 

3. Block 

4. Extrude 

5. Straighten k Pre-dry 

Cut to Length 

7. Final Air Dry 

8. Pack (26  48 lb cartons) 

Total iM. H.    per Shift) 

Total tM. H.   per 100 lbs) 

b 

16 16 

8 -- 

56 8 

80 8 

48 8 

16 16 

26 26 

266 98 

21 28 7.84 
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TABLE 5 

A PROJECTED MILL COST COMPARISON IN DOLLARS PER 100 LBS. 
FOR A 50  000 LB PER MONTH BENITE FACILITY SHOWING THE R&D 
PROCESS COST VS.   THE PRODUCTION ENGINEERED PROCESS COST 

R&D Production 
"tern Basis Process    Engineered Process 

Material,   Ra,v See Table #?- $32.74 $25,90 

Material, Packing Actual Cost 
incurred nt P. A, 

Labor $2. 50/rab (Sec Table #3) 

S'.'.pe r vis ion & 
Clerical 10% of D. L. 

Maintenance 25% of D. L. 

Utilities 10% of D. L. 

Overhead 150%ofD. L, 

Total $227.78 $121.81 

38. 10 38. 10 

5;< ^o 1?   60 

5. 32 1.96 

13. 30 4. 9Ü 

5. 32 1.96 

79. 80 29.40 
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TABLE 6 

PROJECTED COST SAVINGS USING SCREW EXTRUDER, SPREADER AND 
LONG GOODS CUTTER FOR 50, 000  LB.   PER MONTH FACILITY 

1.     InmaLe : Cost of Prototype; "Long Goods"   Equipment; 

a. Extruder and Spreader   --   $16,000 
b. Long Goods Stick Remover & Cutter  $11,250 

Installation (40%)  •- - - $10, 900 

Sub Total $38, 150 

<.'..      Modification Cost for Use With Explosive Materials 

a.     Design anrl Shop --      -JO, 000 
*b.     Instrumentation (10%)       $ 4,000 
-•■.    Conveying Equipment (15%)       $ 6, OOO 

Sub Total $20,000 
$58.150 

Total 

3. Manuiactunng Savings Anticipated 
(from Table H) 

a. Cost per 100 lbs with R&D Process -     $227.78 
b. Cost per 100 lbs with Prod.   Engr'd Process--    $121.82 
c. Savings per 100 lbs (a-b) ■- $105.96 

4. Amortization Period Based Upon Labor and 
Materials Savings   $58, 150 i    i «.« T    ' =1.1 mo. 

$105.96 x 500 

Required For Remote Operation 
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F i g u r e 2. T y p i c a l S p a g h e t t i S p r e a d e r 

E q u i p m e n t s h o w i n g h o p p e r , c o n v e y o r and b l o w e r 
r e t u r n f o r t r i m m i n g s . 
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1 g Ul f  5.      Perfect Flow Pattern Figure i.      Flow Pattern Of Modified 
Benite Through The 51 
Way Die 
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3-X 5-X 6-X 

Figure- 8.     Comparison Of Three Modified Formulation 
Benite  Lots For Straightness  Alter Drying 
(Front  View) 
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Figure 9.      Straightness Comparison Of Dried 
Strands (Front View) 
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Figure 10.   Straightness Comparison Of Inverted 
Mix Cycle Benite (Front View) 
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Figure  11.   Straightness Coinparison Of Standard 
Benite (Front View) 
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Figur''  i 5,   Comparison Of Thrcp Modified Formulation 
Benito  Lots For Straightness After Drying 
'Front View) 
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Figure  15.    Improved Straightness (.front View) 

Results from immediate spreading of benite 
colioide 1 v, ith less volatile ethyl acetate solvent 
(Lot EP-14) vs.  diethyl ether colloided benite 
containing carbon black (Lot EP-15). 
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Figure 17.   Flowsheet,  Production Engineered Process With Continuous 
Extrusion And Spreading Using Modified Benite 
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Figure 18.    Detonation Test Set-Up 
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Figure 19.   Set-Up For Test 1 Prio:- To Detonation 
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Figure 20.   Fragments And Unburned Benit« After Detonation 
With Consolidated Benite,   (Test I.) 
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Figure 21.   Fragments And Unburned Benite After Detonation 
With Consolidated Benite,   (Test 2.) 
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Figure Zl.   Fragments After Duionation With 
Wet Sand,  (Test 4.) 
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Figure 23.   Fragments After Detonation With 
Benile Crumbs,  (Test 3.) 
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Figure 24.   Fragments And Unburned Propellant After 
Detonation Of Consolidated M-iü (Test 5.) 
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Figure 25.   Fragments And Unburr.cd Propellant After 
Detonation Of Consolidated M-10 (Test 6.) 
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/J^t ABSTRACT y 
AD   Arcespioi  No. 

Picafinny Araenaii  Ammurit'.o!  Group, 
Do-e r     Ni-w Jcrstrv 

EVALUA: ON IESTS AND PROCESS SI UD;ES 
EIE1ATING TO ESTABLISHMENT OF 
SUBST RUTE FOR BLACK POWDER 

I MPROVEMENTS IN MANUFACTURE OF 
BENiTE ST RANDS 

UNCLASSIFIED 

1. Black powder-- 
Substitutes. 

2. Berite--Extrusior. 

I.    Huselton,  E, 
H.   Kaplowitz,  S. 

IIX,    Project No. 
252.7507, 0402, 311. 

E.   Huseltor   rT d S.   K-iplow^.z 

Technical Report DB   TR: 5-60,  April 1961,   34 pp. 
' n ble ~,   figures, 
Unc lassified R' poi t 

A r- ai--' c acceptance spf' -.ffca'iO'  for be--..re 
strands was prepared,    Cor.'.ventional Ordaacce 
mar-JacTc ring equi.pmRr.t may be used.    Techric.al 
g-adf potassium titrate vt satisfactory.   \i creasing 
th^ dry:lr_g temp^ri,^,T^ to ]il0F,reducea drying t.;.me 
Irom JO day? to 12 hou's.    Reworking doubles the 
yield.    Stability is imprc  ed by substituting 
d.phe- ylam^re ior '"Kvl acetate ar.d alcohol as 
solvents instead of dieihylethe-  and alcohol. 
Multiple.-orifice places for extru9:'.or  aüd dowels 
for drying of the s^rard* are recommerded for high 
capacity picdücfion equipmes t. 

Beniti   colloid does aot detonate under severe 
conditions of confinement; ;* : s accordingly 
corsidercd a Class 2 e.xplos:"./e  hazard (fire hazard; 
lor extrusior.    The pe rformance characteMstic« of 
ben:*'' are relati.ely ;r.sens;'.t:'.ve to minor changes 
iu fonrnula ard d.'mensiors. 
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Filach powder 
Substitutes 
Be' ite 
Extrasion 
Dry'.ng 
Dowel 
Hazards 
Solvent 
Dipheny lamina 
Ethyl acetate 
Alcohol 
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